Key indicators: single-crystal X-ray study; T = 100 K; mean (C-C) = 0.002 Å; disorder in main residue; R factor = 0.031; wR factor = 0.075; data-to-parameter ratio = 13.5.
The title compound [systematic name: (3S,8aS)-3-isopropylhexahydropyrrolo[1,2-a]pyrazine-1,4-dione], C 10 H 16 N 2 O 2 ,, is a newly isolated cyclic dipeptide from Burkholderia thailandensis MSMB43. There are two independent molecules in the asymmetric unit. Two C atoms and their attached H atoms in the five-membered ring of one of the molecules are disordered over two sets of sites in a 0.715 (5):0.285 (5) ratio. The two independent molecules have the same configuration and the absolute configurations of the chiral centers were determined based on the observation of anomalous dispersion. In the crystal, two types of N-HÁ Á ÁO hydrogen bonds link pairs of independent molecules.
Related literature
For general background to secondary metabolites from B. thailandensis, see: Knappe et al. (2008) ; Nguyen et al. (2008) ; Seyedsayamdost et al. (2010) ; Ishida et al. (2010) ; Klausmeyer et al. (2011); Biggins et al. (2011); Wang et al. (2011 Wang et al. ( , 2012 ; Ishida et al. (2012) . For isolation of the title compound from other microorganisms, see: Chen (1960) ; Schmitz et al. (1983) ; Jayatilake et al. (1996) ; Ginz & Engelhardt (2000) ; Qi et al. (2009) ; Wang et al. (2010) ; Park et al. (2006) . For the biological activity of the title compound, see: Holden et al. (1999) ; Fdhila et al. (2003) . For large-scale genome sequencing, see: Mukhopadhyay et al. (2010) ; Yu et al. (2006) ; Zhuo et al. (2012) . For our work on obtaining natural products from B. thailandensis MSMB43, see: Liu et al. (2012) .
Experimental
Crystal data Table 1 Hydrogen-bond geometry (Å , ). (Ishida et al., 2012 , Nguyen et al., 2008 , Ishida et al., 2010 , capistruin (Knappe et al., 2008) , bactobolins A-D (Seyedsayamdost et al., 2010) , burkholdacs A-B (Biggins et al., 2011) , spiruchostatin C (Klausmeyer et al., 2011) and thailandepsins A-F (Wang et al., 2011 , were discovered from Burkholderia thailandensis E264 in recent years. In conjunction with large-scale genome sequencing (Mukhopadhyay et al., 2010 , Zhuo et al., 2012 , Yu et al., 2006 , the Burkholderia species have drawn much attention due to their capabilities to produce novel compounds with antibacterial, antitumor and antiviral activities. As a result of our expanded natural product discovery from Burkholderia species, we have recently confirmed that B.
thailandensis MSMB43 can produce high titers of FK228 in M8 medium . Here we report the crystal structure of a known dipeptide isolated from the culture broth of B. thailandensis MSMB43 grown in M11 medium.
The title compound is a cyclic dipeptide of L-proline and L-valine. The structural skeleton is fused by a five-membered pyrrolidine ring and a six-membered piperazine ring. The pyrrolidine ring adopts an envelope configuration and the piperazine ring has a boat configuration. These two rings are located on nearly the same plane and the dihedral angles of these two least-squares planes are 18. g/L beef extract; pH 7.0). Fermentation was proceeded at 37°C, 300 rpm for 72 h, during which the pH was automatically adjusted by the fermentor with 1 N HCl or 1 N NaOH. Three liters of 10X M11 was fed to the fermentor from 24 h to 48 h at a flow rate of 0.125 ml/min.
Recovery of the crude extract
Bacterial cells and debris were removed by centrifugation of broth at 6,000 g for 15 min. Supernatant was applied to a XAD16 resin (Sigma-Aldrich) to allow absorption to occur. The resins were subsequently dried and extracted repeatedly with ethyl acetate. Organic extractions were pooled and dried in a rotary evaporator to yield a crude extract.
Isolation and purification of the title compound
Crude extract was mixed with 50 g silica gel (230-400 mesh, Whatman Purasil, USA). The mixture of silica gel was dried overnight and then applied to a 120 -g silica gel column, which has been equilibrated with hexane. The column was eluted sequentially with 1L of hexane (fraction 1 Corporation). The column was eluted by mixtures of chloroform and acetone with increasing polarity according to the following scheme: 1%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 65%, 100% of acetone. Fraction eluted by 10% acetone was applied on a preparative HPLC system equipped with an Agilent Prep-C18 column (Φ 21.2 × 250 mm, 10 µm). The mobile phase consists of acetonitrile and water. The column was first eluted by 10% acetonitrile for 90 min, then by a gradient from 10% to 15% acetronitrile from 90 min to 100 min, then by 15% acetonitrile for 30 min, and finally by 100% acetonitrile for 20 min. The flow rate was 8 ml/min. The UV spectrum was monitored at 210 nm. The title compound was eluted at 30.0 min and other compounds were eluted at later times.
Crystallization
The purified title compound was dissolved in ethyl acetate and the crystals were obtained after a slow evaporation of the solvent at room temperature for 5 days.
Refinement
All hydrogen atoms attached to the carbon atoms were placed in geometrically idealized positions (C-H = 0.98, 0.99 and 1.00 Å on the primary, secondary and tertiary aliphatic C atoms respectively). The H atoms were refined as riding, with isotropic displacement coefficients of U iso (H) = 1.5U eq (C) for methyl groups or 1.2U eq (C) otherwise. The hydrogen atoms attached to N were located in the difference map and refined independently with restraints and constraints. The H atoms on the N were constrained to have the distances of 0.88 Å and the U iso value were assigned as equal to 1.2 times the U eq of the attached atoms. program(s) used to solve structure: SHELXTL (Sheldrick, 2008 ); program(s) used to refine structure: SHELXTL (Sheldrick, 2008) ; molecular graphics: SHELXTL (Sheldrick, 2008) and OLEX2 (Dolomanov et al., 2009) ; software used to prepare material for publication: SHELXTL (Sheldrick, 2008) and OLEX2 (Dolomanov et al., 2009 A molecular structures of cyclo (-L-prolyl-L-valinyl-) in asymmetric unit with displacement ellipsoids shown at the 50% probability level. All hydrogen atoms attached to non-chiral carbon atoms and minor components of disordered atoms were omitted for clarity. Absolute structure: Flack (1983) 
Computing details

